A passive damping network for single phase matrix converter operating as a rectifier by Megat Yunus, Puteri Nor Ashikin
vii
TABLE OF CONTENTS 
CHAPTER                                     TITLE                                          PAGE 
   DECLARATION               ii
   DEDICATION               iii
   ACKNOWLEDGEMENT              iv
   ABSTRACT                v
   ABSTRAK                vi
   TABLE OF CONTENTS              vii
   LIST OF TABLES               x
   LIST OF FIGURES               xi
   LIST OF ABBREVIATIONS             xv
    
 1  INTRODUCTION
                      1.1   Introduction               1 
  1.2   Converter Classification              2
  1.3   Objective                3 
  1.4   Scope                3 
  1.5   Thesis Organization              4 
2  SINGLE PHASE MATRIX CONVERTER (SPMC)
      2.1   Introduction               5 
          2.2   Bi-directional Switch              6
        
3      SWITCHING STRATEGIES OF SPMC 
3.1   Introduction                                                                  8 
3.2   Insulated Gate Bipolar Transistor (IGBT)           8 
3.3   Switching State of SPMC            11 
   
viii 
4 PASSIVE DAMPING NETWORK
 4.1 Linear Analysis Technique 14 
 4.2 Stability Analysis of Impedance Based Criterion    14 
 4.3 LC Filter Output Impedance, Zo                             16 
 4.4 Output to input Voltage Transfer Function             20 
 4.5 L-C Filter with Passive Damping Network             21 
 4.6 Analysis of LC Filter with Passive Damping 
Network
22
 4.7 Design of the Passive Damping Resistor                 24 
 4.8 Design Input LC Filter with Damping Resistor       27 
5 CONSTANT POWER LOAD
 5.1 Introduction 31 
 5.2 Negative Input Resistance Phenomenon 31 
 5.3 Equilibrium Point 33 
 5.4 Simulation Model of Constant Power Load, CPL   35 
  5.4.1 L-C Filter with Series Loss Resistor and 
CPL                                                
36
  5.4.2 L-C Filter with Passive Damping and 
CPL
40
6 SIMULATION RESULTS AND DISCUSSION
 6.1 Introduction      42 
 6.2 MATLAB/Simulink 42 
 6.3 Modelling Design 43 
 6.4 Simulation Results                                                   49 
  6.4.1 Resistive Load without Filter                      49 
  6.4.2 Adding L-C1 Filter                                       52 
  6.4.3 L-C1 Filter with Passive Damping               
Network (R1,C2)                                           
54
ix 
  6.4.4 L-C1 Filter and Passive Damping 
Network ( R1,C2) Driving a CPL                
58
  6.4.5 Adding LC Input Filter with Damping  
 Resistor at AC Side of the SPMC               
62
 6.5 Discussion 63 
7 CONCLUSION AND FUTURE DEVELOPMENT
 7.1 Conclusion 65 
 7.2 Future Development 65 
REFERENCES
xLIST OF TABLES 
TABLE NO.               TITLE                               PAGE 
3.1  Typical ratings of high-power devices            10 
6.1  Comparisons of THD supply current and ripple output   
                        voltage with L-C1 Filter                                                                  54 
6.2  Comparisons of THD supply current and ripple output  
  voltage with L-C1 Filter and Passive Damping  
  Network (R1,C2)               57 
6.3  Comparison of THD supply current when driving CPL at  
    different switching frequency                                                          61 
6.4               Comparison of THD supply current when driving CPL at  
different switching frequency after adding LC input filter  
with damping resistor at AC side                                                    63 
6.5  Effect of increasing value of switching frequency                         64 
6.6  Comparison of THD supply current with increasing  
the switching frequency                                                                  64 
xi
LIST OF FIGURES 
FIGURES NO.              TITLE                               PAGE 
2.1  SPMC Circuit        5 
2.2  Bidirectional Switch (common emitter arrangement)  6 
3.1  IGBT Equivalent Circuit      9 
3.2  N-channel IGBT symbol      10 
3.3  I-V characteristics       11 
3.4  State 1 AC Input (positive cycle)     12 
3.5  State 2 AC Input (negative cycle)     12 
3.6  State 3 AC Input (positive cycle)     13 
3.7  State 4 AC Input (negative cycle)     13 
4.1  Impedance Based Stability Criterion Circuit    15 
4.2  Simple L-C filter       16 
4.3  Using Laplace Transform      17 
4.4  Filter Output Impedance      18 
4.5  L-C Filter with Series Resistor Rs     19 
4.6  Output Impedance of L-C filter with four different Rs  19 
4.7  Voltage transfer function      20 
4.8  L-C filter with passive damping network    22 
4.9     The root locus plot of varying R for different C2.   24 
4.10  Voltage transfer function Vc/Vs of the L-C filter  with    
passive damping where L = 90 µF and C1 = 500 µF   27 
xii
4.11  Possible connection of the resistor     28 
4.12  Resistor connected in parallel with capacitor     
                        and its output to input voltage transfer function   28 
4.13                 Resistor connected in series with capacitor  
                        and its output to input voltage transfer function   28 
4.14                 Resistor connected in parallel with inductor  
                        and its output to input voltage transfer function   29 
4.15                 Resistor connected in series with inductor  
                        and its output to input voltage transfer function   29 
4.16  Voltage transfer function for each connection of resistor  30 
5.1  Constant Power Load       32 
5.2  Static input voltage-current characteristic    32 
5.3  Model of source connected to CPL via L-C Filter.   33 
5.4  Source line and CPL characteristic     34 
5.5  A block diagram of CPL model     35 
5.6  Simulink block diagram of simulation model.   36 
5.7  Plot of simulated CPL input voltage, Vc and inductor  
                        current iL at Vs = 270V      37 
5.8                   Plot of simulated CPL input voltage, Vc and inductor 
                        current iL at Vs = 200V      38 
5.9  Plot of simulated CPL input voltage, Vc    39 
5.10  Plot of simulated inductor current, iL     39
5.11  Simulation circuit configuration     40 
5.12  Plot of simulated capacitor voltage, Vc for  
            different CPL power values      41 
5.13                  Plot of simulated inductor current, iL for
different CPL power values      41 
5.14                  Plot of simulated capacitor voltage, Vc and  
 inductor current, iL  at 4 kW power value.    41 
xiii 
6.1                   Overall SPMC circuit connected with LC filter 
   and Passive Damping Network driving a resistive load  44 
6.2                   Overall SPMC circuit connected with LC filter  
and Passive Damping Network driving a CPL   44 
6.3                   Overall SPMC circuit connected with LC filter  
and Passive Damping Network driving a CPL     
adding with LC input filter and damping resistor   45 
6.4  SPMC Subsystem       45 
6.5  Bidirectional switch       46 
6.6  PWM Controller subsystem for both positive  
and negative cycle       46 
6.7  Switching Control Subsystem      47 
6.8  Switching pattern at switch S4a     47 
6.9  Switching pattern at switch S2b     47 
6.10  Switching pattern at switch S1a     48 
6.11  Switching pattern at switch S3b     48 
6.12  Output voltage and output current for fs = 20 kHz    49 
6.13  Output voltage and output current for fs = 40 kHz   50 
6.14  Output voltage and output current for fs = 80 kHz   50 
6.15  Supply current waveform and its THD for fs = 20 kHz  50 
6.16  Supply current waveform and its THD for fs = 40 kHz  51 
6.17  Supply current waveform and its THD for fs = 80 kHz  51 
6.18  Output voltage and output current for fs = 20 kHz   52 
6.19  Output voltage and output current for fs = 40 kHz   52 
6.20  Output voltage and output current for fs = 80 kHz   53 
6.21  Supply current waveform and its THD for fs = 20 kHz  53 
6.22  Supply current waveform and its THD for fs = 40 kHz  53 
6.23  Supply current waveform and its THD for fs = 80 kHz   54 
xiv 
6.24  Output voltage and output current for fs = 20 kHz   55 
6.25  Output voltage and output current for fs = 40 kHz   55 
6.26  Output voltage and output current for fs = 80 kHz   55 
6.27  Supply current waveform and its THD for fs = 20 kHz  56 
6.28  Supply current waveform and its THD for fs = 40 kHz  56 
6.29  Supply current waveform and its THD for fs = 80 kHz  57 
6.30  Output voltage and output current when driving  
CPL with fs = 80 kHz       58 
6.31                Input voltage and output current when driving    59 
CPL with fs = 80 kHz 
6.32            Supply current waveform and its THD for fs = 80 kHz  59 
6.33  Output voltage when driving CPL at different    60 
switching frequency 
6.34                 Output current when driving CPL at different  
            switching frequency       60 
6.35                Supply current when driving CPL with different  
           switching frequency        61 
6.36  Supply voltage and current for fs = 20 kHz    62 
6.37  Supply voltage and current for fs = 40 kHz    62 
6.38  Supply voltage and current for fs = 80 kHz    63 
xv
LIST OF ABBREVIATIONS 
AC  - Alternating Current 
DC  - Direct Current 
AT  - Arus Terus 
AU  - Arus Ulang Alik 
MC  - Matrix Converter 
SPMC  - Single Phase Matrix Converter 
IGBT  - Insulated Gate Bipolar transistor 
PWM  - Pulse Width Modulation 
BJT  - Bipolar Junction Transistors 
SCR  - Silicon-Controlled Rectifier 
MOSFET - Metal-Oxide Semiconductor Field Effect Transistors 
THD  - Total Harmonic Distortion 
V  - Voltage 
A  - Ampere 
S 1a  - Switch 1a 
S 1b  - Switch 1b 
S 2a  - Switch 2a 
S 2b  - Switch 2b 
S 3a  - Switch 3a 
S 3b  - Switch 3b 
S 4a  - Switch 4a 
S 4b  - Switch 4b 
